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According to classical heterogeneous nucleation theory, the critical nucleation radius (r * ) is determined by
where ∆GV is the free energy change of lithium from electrolyte to anode and γLE is lithium/electrolyte interfacial free energy.
The critical nucleation radius (r * ) is unaffected by the anode framework. However, the volume of nucleated lithium to reach r * is much smaller than that in homogeneous nucleation, indicating the important role of anode framework in regulating Li nucleation.
More importantly, the anode framework can regulate the heterogeneous nucleation barrier
where ∆G The pristine C-O-C bond was destroyed by the adsorbed Li atom. The hydrogen, lithium, carbon, and oxygen atoms are marked as white, purple, gray, and red, respectively. Herein, 2D periodic graphene models rather than GNR models were used to investigate the effects of the number of graphene layer as multi-layered GNR models are very complicated. The binding energy of lithium on 2D single-layered graphene (-1.15 eV) is smaller than that on pure GNR (-1.91 eV) due to edge effects. The bgB and bqN decorations were selected as representatives of single doping that enhances and weakens the interaction between graphene and lithium, respectively.
Besides, P/O co-doping is selected as the representative of co-doping models. 
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